We aimed to evaluate the combination therapy of Chinese herbs plus interferon and ribavirin in treatment of patients with chronic hepatitis C (CHC).
Background
It is estimated that about 180 million people are chronically infected with hepatitis C virus (HCV) worldwide [1] ; about 75% have no distinctive symptoms when they first acquire HCV infection. Over time, patients with chronic hepatitis C (CHC) may begin to experience persistent inflammation, become easily fatigued, and lose appetite [2] . Even worse, chronic HCV infection may progress to liver failure and hepatocellular carcinoma [3] . Unfortunately, there is still no effective and suitable HCV treatment for persons at the greatest risk for HCV infection [4] .
Presently, combination antiviral therapy with interferon and ribavirin has been used as the standard treatment for CHC [5] [6] [7] [8] . However, this regimen has some limitations in its ability to control CHC. Combination therapy of interferon and ribavirin for CHC is reported to produce a number of adverse effects, including fatigue, influenza-like symptoms, and gastrointestinal disturbances, and some adverse effects are severe and potentially life-threatening [9] . Some of these adverse effects can be overcome and reduced. Appropriate recognition of these adverse effects will both improve response to therapy and avoid unnecessary morbidity and mortality [10] [11] [12] . Complementary and alternative medicine (CAM) is defined as diagnosis, treatment, and prevention that complements mainstream medicine and is very popular in the West [13, 14] . Recently, increasing number of clinicians has focused on CAM, and CAM has been applied in the treatment of chronic diseases [15, 16] . Chinese herbs, as one of the main components of CAM, have rare and negligible adverse effects compared to common pharmaceutical drugs. Therefore, Chinese herbs have been widely utilized in medical systems, especially in China [17, 18] .
Research indicates that the treatment combined with Chinese herbs has achieved better safety and effectiveness in the treatment of CHC [19] . Nevertheless, the results of these individual studies related to Chinese herbs are often insufficient. Meta-analysis was proposed as an approach for contrasting and combining results from different studies [20] [21] [22] . The aim of this study was to assess the evidence from these randomized clinical trials (RCTs) for the efficacy and safety of Chinese herbs combined with interferon plus ribavirin in comparison with only interferon plus ribavirin therapies.
Material and Methods

Search strategy
A systematic search was performed through PubMed, EMBASE, Cochrane library, China National Knowledge Infrastructure, Wanfang Database, and China Biomedical Database for searching relevant articles up to July 2015. The key words used in the literature search included "chronic hepatitis C", "medicine-traditional", "Chinese herbal therapy", "drug and herbal", "medicine and Chinese", and "treatment and trial".
Inclusion criteria
To be included in this meta-analysis, the article had to fulfill inclusion criteria: 1) The study had to be an RCT that was clearly randomized and clinically controlled. 2) There was completed information, such as clear diagnostic criteria for CHC, sample size, publication date, and research year. 3) The RCT was designed to compare the combination therapy of interferon plus ribavirin combined with and without Chinese herbs. 4) The evaluation index contained biochemical response, such as alanine transaminase (ALT) value; virological response, including Early virological response (EVR), the end-of-treatment viral response (ETVR), sustained virologic response (SVR), non-response (NR), relapse, and rebound; histological responses, including hyaluronic acid (HA), laminin (LN), procollagen iii peptide (PC III), type IV collagen (IV-C), and/or adverse effects including Flu symptoms (FS), decreasing leukocyte count (LC), abnormal thyroid function (ATF), psychosis, alopecia, and anemia. 
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Quality assessment and data collection
The methodological quality of the included studies was assessed according to the Cochrane Handbook via identifying, appraising, and synthesizing research-based evidence and presenting it in an accessible format [23] .
Two investigators independently extracted the following data: 1) general information, including the first author, published date, and documents source; 2) the design of each study; 3) sample size, patient characteristics, and treatment outcomes; and 4) all of the experimental results.
Statistical analysis
In this study, results of the eligible studies were pooled using Stata 12.0 and Revman 5.3. The relative risks (RRs) and mean differences (MDs) with their 95% confidence intervals (CIs) were presented for categorical variables and continuous variables, respectively. Heterogeneity among the included studies was explored using a chi square test and I 2 statistic, and p<0.05 and I 2 >50% was regarded as the presence of heterogeneity, then the random-effects model was used for meta-analysis; otherwise, the fixed-effects model was used. To detect the influence of each study on the overall effect, sensitivity analysis was conducted by omitting one study at a time. Publication bias among the eligible studies was evaluated by Egger's test [24] .
Results
Search results
As shown in the flow chart (Figure 1 Table 2 . Summary of all the outcomes.
ALT -alanine transaminase; EVR -early virological response; ETVR -the end of treatment viral response; SVR -sustained virologic response; NR -non-response; HA -hyaluronic acid; LN -laminin; PC III -precollagen III peptide; IV-C -type IV collagen; FS -flu symptoms; LC -leukocyte count; ATF -abnormal thyroid function; T -treatment group; C -control group; F -fixed effect model; R -random effect model; RR -risk ratio; CI -confidence interval.
After excluding 32 duplicates, the remaining articles were reviewed for abstracts and 54 were excluded, including 29 articles not about Chinese herbs, 15 articles not related to CHC, 7 non-RCT studies, and 3 reviews. Subsequently, the remaining 42 articles were further screened for full texts, of which 16 were without required outcomes and 9 were not about Chinese herbs. Thus, 17 articles were finally retrieved for the present meta-analysis (English: 2; Chinese: 15) [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
Study characteristics
As shown in Table 1 , all of the eligible studies were published from 2009 to 2015. All of these studies were performed as RCTs, thus Cochrane reviews were used for quality assessment. Figure 2A demonstrates that these studies were all with low risk or unclear risk of bias, including selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias, except for 3 studies which were found to have high risk of unknown bias and attrition bias [27, 34, 40] . These results indicated a relatively high level of research selection ( Figure 2B ). 
Comparison of the 2 therapeutic schedules
Biochemical response
Biochemical responses were involved in 8 of the eligible studies. No significant heterogeneity was found among these 8 studies (p=0.14, I 2 =36%), so the fixed-effects model was used for analysis. The pooled results showed that the ALT normalization rate at the endpoint of therapy was significantly higher in patients taking Chinese herbs than that of patients just taking interferon and ribavirin (RR=1.17, 95% CI: 1.05-1.29, P=0.003; Figure 3 ). 
Study or subgroup
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Virological response
Statistical heterogeneity was only found among studies involving SVR (P=0.009, I 2 =59%), so the random-effects model was used for analysis of SVR and the fixed-effects model was used for analysis of the other indexes. Combined RR showed that ETVR was significantly higher in patients taking Chinese herbs plus interferon and ribavirin than that in patients treated with interferon and ribavirin (RR=1.12, 95% CI: 1.05, 1.21, P=0.001), while no significant difference was found in other index between the 2 groups of patients (P>0.05; Figure 4 ).
Histological responses
Data on histological response was only available in 2 trials [30, 35] . For HA, LN, PC III, and IV-C, there was no statistical heterogeneity (p>005, I 
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META-ANALYSIS
Sensitivity analysis
Sensitivity analysis showed no change in any of the pooled results when removing any of the included studies, which indicated that the obtained results in this meta-analysis were relatively stable.
Discussion
This meta-analysis included 17 studies. We assessed effects of combination therapy of Chinese herbs plus interferon and ribavirin in CHC patients on biochemical response, virological response, histological response, and adverse reaction. Our results suggest that combination therapy of Chinese herbs plus interferon and ribavirin is better for CHC patients because 
A D B E C F
patients underwent this combined therapy showed higher ALT and ETVR; significantly lower levels of HA, LN, PC III, and IV-C; and decreased LC, ATF, psychosis, and anemia in CHC patients compared with those treated without Chinese herbs.
The combined therapeutic effect of Chinese herbs plus interferon and ribavirin may be consistent with the effect of Chinese herbs, such as anti-fibrotic and anti-inflammatory activities [42, 43] . It also should be noted that patients receiving combined Chinese herbal therapy had fewer adverse effects, including decreased LC, ATF, alopecia, and anemia, than those without Chinese herbal therapy. In addition, sensitivity analysis showed no change when omitting each of the eligible studies, and potential publication bias was not found in the present study, which indicates that the pooled results of our study are relatively stable. Therefore, we believe that adding appropriate Chinese herbs to therapy may be a good choice for CHC patients who were administrated interferon and ribavirin.
It is important to mention that there were some weaknesses in the present meta-analysis. First, most of the included studies (15/17) were published in Chinese, which may be difficult to understand for non-Chinese-speaking scientists. Second, there were different kinds of Chinese herbs used in the selected studies, which may be the main course of heterogeneity for certain indexes. Third, the treatment cycle and follow-up time were different in the 17 trials and some studies did not include follow-up time. Finally, we did not specify individual herbs that are effective in treatment of HCV because Traditional Chinese Medicine (TCM) treatment is characterized by integrated application of different sets of Chinese herbs (a few or many different kinds), and because some studies included in the present meta-analysis did not specify the Chinese herbs in their TCM treatment in detail.
Conclusions
Despite the above limitations, our data indicate that combination therapy of Chinese herbs plus interferon and ribavirin may be more efficacious and does not result in any additional safety problems when compared with interferon plus ribavirin therapy without Chinese herbs. The combination with Chinese herbs may therefore be indicated as initial therapy in patients with CHC.
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